Introduction
Mitochondrial disease is highly heterogeneous in cause and features, where traditional single-gene testing strategies have had limited diagnostic success [1] . Newer genomic technologies enable comprehensive and efficient testing for all known genetic causes in both genomes, which currently include greater than 200 nuclear genes and all 37 genes in the mitochondrial DNA (mtDNA) genome [2] . Indeed, it is now recognized that more than half of patients with suspected mitochondrial disease can be diagnosed in a single test that includes whole exome and mtDNA sequencing [3, 4] . This relatively recent ability to increasingly establish specific genetic etiologies for the complex group of individuals with suspected mitochondrial disease has greatly enhanced our collective understanding of the molecular pathways that drive biochemical dysfunction and multi-organ system disease [1] . However, many novel deleterious variants and disease-related genes have yet to be discovered, as indicated by the fact that 30 to 50% of individuals with suspected mitochondrial disorders remain undiagnosed despite the use of the latest technological advances. There are also many variants that remain of uncertain clinical significance that have been identified but not yet shared with the larger community, as would likely facilitate more definitive ultimate classification. Furthermore, potential modifying factors that mediate disease severity within mitochondrial disease subtypes remain largely unknown or poorly understood, where collecting, storing, and sharing information from entire datasets rather than only deleterious variants would likely enable the recognition of even small effects of combined variants. Thus, much of the difficulty in better understanding these complex diseases is now largely attributable to the relatively rare frequency of each individual gene disorder and lack of mechanisms to share information on rare and private mutations rather than a lack of robust genomic analysis methodologies. It is also imperative to be able to identify additional cases that may exist throughout the world to better understand the etiologies and natural history of individual disease subtypes. Such capability would also facilitate the identification of patients throughout the global mitochondrial disease patient community who may be suitable for emerging clinical trials.
MSeqDR Consortium
The Mitochondrial Disease Sequence Data Resource (MSeqDR) Consortium was initiated at the United Mitochondrial Disease Foundation (UMDF) Annual Symposium in June 2012 to create an international source of genomic information in individuals with suspected mitochondrial diseases. Recognizing the vast quantities and mixed types of genomic data being generated in clinical and research labs worldwide, including large-scale sequencing panels of several to hundreds of nuclear genes, as well as mtDNA, whole exome, and whole genome datasets, MSeqDR Consortium participants agreed that even following the completion of initial data analysis, each dataset itself remains highly valuable. Firstly, pooled exome datasets inform the frequency of around 22,000 coding variants in each person [5] . If it were possible to link variant data to phenotypic information, pooling these data across patients from all laboratory testing settings and ethnic origins would prove highly valuable to enable more efficient interpretation of allele pathogenicity in the disease population. Such capability might even allow diagnostic identification of additional patients sharing specific alleles and/or additional mutations in a given known or novel disease-related gene that may have been overlooked at the time of initial analysis. Second, collective exome analysis in specific subgroups or among multiple individuals with single gene disorders may reveal variants that modify phenotypes or predict response to specific therapies. Thirdly, making genomic data available in a more organized and collaborative fashion would allow each dataset to 'stay live' and be used for future medical and/or research purposes by each patient's own team, or even by the broader mitochondrial disease community, to accelerate and facilitate understanding of mitochondrial disease etiology and mechanism. Finally, making genomic data available enables ready identification of individuals with specific genetic etiologies, modifier variants, and/or pharmacogenomically important variants, for example, which might enable more precise clinical trials to be designed to maximize efficacy and minimize toxicity in the disease population. To fully realize these important opportunities, MSeqDR Consortium participants recognized that the development of a common exome-level, and eventually genome-level, sequence data repository and array of readily accessible bioinformatics analysis tools would be essential in order to maximize data utility across the global mitochondrial disease community of clinicians and researchers alike.
The MSeqDR Consortium initially brought together more than 100 expert clinicians, researchers, and bioinformaticians to determine what already existed and what was needed to develop such a community resource for collective genomic data deposition, curation, annotation, and analysis. Facilitated by Web-based conferences organized by the UMDF staff, three general introductory meetings were organized in July and August 2012 to learn about existing genomic resources including NCBI resources, the Human Variome Project, and the Locus Specific Database initiative. Subsequently, working groups were established that met by Web-based meetings on three to four occasions throughout the Autumn of 2012. Divided into "Technology and Bioinformatics", "Phenotyping, Databasing, Institutional Review Board Concerns, Security, and Data Access", and "Mitochondrial DNA specific concerns", each working group was co-chaired by multi-disciplinary clinical and research teams to determine the major challenges and community needs within each domain. General MSeqDR Consortium Web meetings held on a monthly basis were used to inform the broader group about the major discussion points and consensus opinions from each working group.
MSeqDR prototype development
Based on the outcome of the working group discussions, it was determined that the development of a prototype was needed to spearhead the goals of the MSeqDR Consortium. Funded by the UMDF and the North American Mitochondrial Disease Consortium (NAMDC), a bioinformatician, Lishuang Shen, PhD, began to build the MSeqDR prototype in July 2013 under the co-direction of Marni J. Falk, MD, Xiaowu Gai, PhD, and Stephan Zuchner, MD. Monthly prototype development Web meetings were held with up to 75 participants from 7 countries to resolve specific challenges regarding best ways to meet overall MSeqDR Consortium goals. Major topics of discussion included bioinformatics development, integration with public and other available genomic resources, and establishment of an MSeqDR portal website and suite of bioinformatics analysis tools. Technical issues addressed included the optimization of exome data file handling and file server issues, assessment of the community value versus cost of cloud computing, optimization of a common variant annotation pipeline for data deposition into common visualization and analysis tool(s), and coordination of a comparative analysis project of variant calling and annotation pipelines. Practical usage discussions focused on the extraction and linkage of phenotypic data from patient registries including NAMDC to generate a defined ontology for mitochondrial disease that might be readily linked at variable levels of detail to genomic data, optimization of user-friendly Web interfaces that enable users to efficiently analyze nuclear and mtDNA genomic sequence data, and establishment of an effective and streamlined informed consent process to enable individual-level genomic and/or deidentified phenotypic data to be deposited into MSeqDR.
MSeqDR functionality overview
Hosted at a secure Web portal (https://mseqdr.org), MSeqDR currently has a landing page from which all MSeqDR informational content and tools can be accessed (Fig. 1) . The MSeqDR Web portal facilitates community participation in data deposition, curation, and sharing, while allowing each user to establish data sharing groups and control access to which datasets they wish to share. Registration is required to access all data deposited in MSeqDR, unless otherwise specified by the data owner. Registration is free and open to all academic users.
Registration is also open to commercial entities including clinical diagnostic laboratories and pharmaceutical companies, although their use is on a fee-based structure designed to support the ongoing activities of the MSeqDR Consortium.
MSeqDR hosts a rich backend of curated genome, exome, and phenotype data. In addition, MSeqDR is organized to support several complementary bioinformatics needs of relevance to the mitochondrial disease community ( Fig. 1 ): (1) MSeqDR GBrowse enables integrated visualization and analysis of heterogeneous variation and other genomic data in a classic genome browser interface; (2) MSeqDR-LSDB links the data subsets for mitochondrial diseases, phenotypes, genes, and pathogenic variants, and enables data sharing to external LOVD instances (http://www.LOVD.nl/GeneSymbol) and genome browsers; (3) MSeqDR-GEM.app supports gene panel, exome, genome, and phenotype data archiving as well as phenotype-based mining of patient-, family-, and cohort-level genomic and phenotypic data; and (4) centralized access is provided to a suite of Web-based bioinformatics tools that have been tailored to support genomic and/or phenotypic investigations relevant to mitochondrial function and disease, in addition to generalized genome and phenotype data browsing. A Fig. 1 . MSeqDR overview flowchart. Curated data captured or contributed from a variety of public and mitochondrial disease community genomic and phenotype data resources are bioinformatically integrated to enable end-users to harness in a centralized fashion a broad range of online data mining tools that are organized into four major functional domains. All MSeqDR functions can be accessed from a common home page at https://mseqdr.org.
"search box" accessible from the home page enables MSeqDR users to quickly survey all datasets and links to specific domains that are available throughout the MSeqDR resource on any gene or variant of interest. Detailed descriptions of these major features are provided below.
MSeqDR GBrowse
MSeqDR GBrowse (https://mseqdr.org/gbrowse_bridge.php) is a human mitochondrial disease-focused instance of a genome browser to readily enable bioinformatics analyses of genomic data via a userfriendly graphical interface. Users can select specific 'tracks' of data to show, hide, re-order or zoom from chromosome to single basepair level resolution, which conveniently allows the interpretation of genetic variants in specific genomic contexts and for any specific genomic region of interest. Key reference gene and variant annotation tracks are available to enable users to visualize all variant-level data in public exome and genome datasets, including those in the National Heart Lung and Blood Institute (NHLBI) exome variant server ("EVS Exome Variants" track) and 1000 Genomes Project ("1000 Genomes" and "1000 Genomes Whole Exome Sequencing Mitochondrial Variants" tracks [6, 7] ).
MSeqDR further aims to host custom annotation tracks designed by and for the mitochondrial disease community. mtDNA-specific open source tracks that are currently available in MSeqDR GBrowse include HmtDB [8] , MITOMAP [9] , PhyloTree [10] , and the MitoBreak database [11] , with individual functionality of these resources explained below. Individual tracks are also available to display all variants in a given exome ("MSeqDR Exome Variants" track), pathogenicity predictions of all possible non-synonymous mitochondrial variants ("Mitochondrial Pathogenicity Predictions" track) and annotations of all known mtDNA variations reported to date and derived from MITOMAP ("MITOMAP Variants" and "MITOMAP Variation Disease" tracks) and HmtDB ("HmtDB rCRS Variants" and "HmtDB RSRS Variants" tracks). In addition, custom tracks are available to improve the analysis of relevant nuclear genome regions, including tracks to indicate whether a given region harbors a NumtS (Nuclear mitochondrial sequence) generated by the translocation of mitochondrial genome fragments into the nuclear genome ("Human NumtS" track) [12, 13] , and whether a gene product is known to localize to mitochondria or cause a mitochondrial disease, as well as detail which commercial diagnostic laboratory tests analyze a given gene ("Mitochondria Localized/Disease Candidate Genes" track). Individual tracks are also available on specific highly studied and important mitochondrial disease-related genes or loci, such as the Human DNA POLG variants that are curated at NIEHS (http://tools.niehs.nih.gov/polg) [14] and the TAZ Mutation Database that is curated by Dr. Iris Gonzalez at the Barth Syndrome Foundation (http://www.barthsyndrome. org/science-medicine/human-tafazzin-taz-gene-mutation-variationdatabase), with direct links provided to the originating website to enable users to readily obtain additional levels of information.
Similarly, a given laboratory or researcher can show the aggregate of all sequence variants within a given gene, gene panel, or exome obtained within their group; MSeqDR users can then contact that group for additional information about a specific variant or individual of interest to them within that cohort. A Distributed Annotation System (DAS) protocol is supported to facilitate sharing of aggregate data even further, such that the original data files may remain remotely with the laboratory of origin but enable data sharing at various investigator and institutional levels of comfort. Indeed, sharing of all custom tracks remains at the discretion of the depositing laboratory or researcher, such that they can choose to share the data with only their group, registered MSeqDR users, or the public and change that decision at any time. For example, the publication criteria for some journals requiring data deposition of gene set or exome level data into a public repository may be satisfied by depositing that data as a track in MSeqDR. Finally, MSeqDR will continue to work with public resources such as NCBI dbGaP and ClinVar to coordinate large-scale genomic data transfer and two-way communication of variant annotations relevant to mitochondrial biology and disease.
MSeqDR LSDB
The MSeqDR Locus Specific Database (LSDB) is an instance of the Leiden Open Variant Database (LOVD), which is developed by Leiden University Medical Center (http://www.lovd.nl/3.0/home) and has been employed for pathogenic variant databases of many human diseases [15] . The MSeqDR instance is unique in supporting mitochondrial genome data entries and has been optimized to support curation of more than 1300 nuclear and mtDNA genes relevant to mitochondrial biology and disease. Indeed, MSeqDR LSDB provides continually updated information for these genes at the level of each gene, transcript, variant, phenotype, and disease. Data is accessible in table format, with embedded links to connect users to all available information on each variant. An MSeqDR user blog-like feedback function enables users to comment on the putative pathogenicity of specific variants, and clinically relevant variant data from ClinVar is visible when available. A broader goal of the MSeqDR Consortium over time is to review and refine the predicted pathogenicity of all variants in mitochondrial disease-related genes through a community-based effort, collect variant annotations in a format that conforms to ClinVar specifications, and serve as a mitochondrial domain resource by regular communication of these data with the administrators of the NCBI ClinVar database.
MSeqDR-GEM.app
Datasets of gene panels, mtDNA, exomes, and even genomes that are deposited by FTP server to MSeqDR will be uploaded to an MSeqDR-optimized secure instance of Genome Management Application (GEM.app, https://genomics.med.miami.edu) [16] that already hosts more than 5500 exomes and genomes from individuals and families with neurologic diseases. The general utility of this data resource is to function both as a data archive and enable registered users to readily explore genomic variant data from patients and families having specific clinical phenotypes. Users are provided an updated log of all datasets they have deposited or that have been shared with them, with detailed information provided about data capture and analysis methods as well as data quality. Users control access to each of their datasets, and can readily share or revoke specific analyses, datasets, or groups of data at their discretion. All data is de-identified and assigned a 'global unique identifier' (GUID, http://ndar.nih.gov/ ndarpublicweb/tools.html#GUID), which is associated with the data at the time of submission by each user. GEM.app enables users to interrogate their own submitted datasets to query genes or variants that meet a pre-defined or custom-set filter within individuals, families, or cohorts in a secure and user-friendly Web interface. Pedigrees can be stored and displayed if submitted by the user. All query outputs provide extensive variant annotations including genomic and protein coordinates and link to public resources, allele frequencies in both the general public and disease communities, multiple pathogenicity prediction and conservation scores, and data quality parameters within the datasets queried. All annotation tracks available in MSeqDR for both nuclear and mtDNA genes are also viewable at the level of individual variants in a specific genomic region being analyzed within GEM.app. Thus, clinicians, laboratorians, and researchers who have distinct hypotheses can readily visualize all potential rare variants that fit different disease models within their patient or family and fully assess all levels of information necessary to prioritize a candidate variant as potentially supportive of disease association. Users have the option to make their data "discoverable" at the individual variant level, thereby enabling other users to contact them to discuss a specific variant of interest that may facilitate collaborations that will eventually lead to the elucidation of shared etiologies or cases in different cohorts.
For purposes of MSeqDR-deposited sequence data, all reads from a sequenced individual's gene panel, exome, or genome are reannotated using a custom variant annotation pipeline that is rooted in Ensembl (http://www.ensembl.org/index.html) to define gene coordinates, and then deposited both for gene and variant analyses in GEM.app as well as for variant visualization throughout a specific exome displayed as a custom track in MSeqDR GBrowse. To prevent potential variant overrepresentation from a given individual's data being submitted in the form of more than one test type or sequence data depositor, all data deposited into MSeqDR for a given individual will be linked to the same GUID throughout the data resource. GEM.app specific features also enable users to search their genomic datasets for variants within subcategories such as specific gene ontology groupings, pharmacogenomic variant sets, or known mitochondrial disease-related genes. Future efforts will incorporate annotated phenotypic data on individuals with suspected mitochondrial disease whose genomic data is available in MSeqDR-GEM.app.
Other MSeqDR genome analysis tools
MSeqDR Consortium participants recognize that users may need to access different bioinformatics tools at different times and for different purposes. Thus, MSeqDR provides access to a wide range of Webbased bioinformatics tools and databases (Table 1) , which their developers have agreed to share to enable genomic analysis of both the nuclear genome and mtDNA. For example, MSeqDR users can access the human basepair codon resource (HBCR), which is a Web-based interface to a custom pipeline developed by Dr. Xiaowu Gai for real-time Ensembl-based annotation of exome datasets. Access is also provided to multiple mtDNA analysis tools that enable users to perform sequence annotation and analysis, haplogroup determination, and heteroplasmy quantitation in their own datasets. These include MITOMAP that shares a manually-curated database of all mtDNA variants [9] ; MITOMASTER to perform mtDNA sequence analysis [9] ; MToolBox [17] , an automated pipeline that enables genome assembly of mtDNA from next generation sequencing data with variant calling, annotation and prioritization, heteroplasmy detection, as well as haplogroup prediction by using custom developed algorithms and information extracted from publicly available mtDNA datasets hosted in the HmtDB database [8, 17] ; MT.AT that enables mtDNA sequence files to be readily annotated with prioritization of disease variants using custom algorithms developed by Alphons Stassen; PhyloTree (http://www.phylotree.org) that reports the complete classification of mtDNA haplogroups [10] ; Phymer that enables mtDNA haplogroup analysis in an alignment-free and reference-independent fashion using a custom algorithm developed by Drs. Daniel Navarro-Gomez, Xiaowu Gai and Mannis van Oven; as well as MitoBreak that provides a database of all reported mtDNA breakpoints [11] . MSeqDR also hosts the Transcriptome of Mitochondrial Dysfunction (ToMD), which provides users a means to assess gene expression data stored in a commonly reannotated repository of genome-wide transcriptome data from a variety of cell, animal, and human tissue studies in mitochondrial disease [18] . Further information about the capabilities and use of each program is provided on the MSeqDR website. The MSeqDR Consortium is hopeful that additional tools will be made available, as they emerge, to the greater mitochondrial disease community through central access at the MSeqDR portal. In addition, custom tools developed by Dr. Lishuang Shen are hosted within MSeqDR that map all data elements currently used by the North American Mitochondrial Disease Consortium (NAMDC) to assess phenotypic symptoms and signs in patients with suspected mitochondrial disease to corresponding Human Phenotype Ontology (HPO) terms [19] . When ultimately linked to genomic data from the same individual using a GUID system, phenotypic data described through HPO will improve the ability to determine whether specific genetic variants are the cause for specific cases or subtypes of mitochondrial disease. Future efforts will focus on building improved phenotypic data capture tools and integration with genomic data to enhance data discovery at the global level [20] with in the MSeqDR environment.
Supporting individual patient preferences for genomic data analysis and sharing
MSeqDR is integrally connected to the mitochondrial disease patient community, as it is a global effort to compile genomic, and ultimately phenotype, information on individual patients with stewardship by the United Mitochondrial Disease Foundation (www.umdf.org). MSeqDR aims to support individual patient autonomy in selecting their own privacy settings for analyses and sharing of their genomic and/or phenotypic data with clinical caregivers, enrolled research studies, the larger MSeqDR community, or even the broader research community (http://gds.nih.gov). A similar platform has recently been implemented by the UMDF for enabling patient control of their medical data, as enacted using custom privacy settings that are selected on a Web-based platform designed by Private Access [21] (Fig. 2a) . To address the inherent challenges in communicating the unique nature of genomic data to the patient community and readily implement their choices of how their data should be used over time, the MSeqDR Consortium has partnered with the Genetic Alliance (http://www. geneticalliance.org) to develop custom privacy settings specific for individual-level genomic data that will be deposited in a deidentified fashion within MSeqDR (Fig. 2b) . Future work will seek centralized Institutional Review Board approval for this Web-based patient consent platform. The MSeqDR Consortium will also focus on translating the Web-based patient consent process into different languages and incorporating flexibility in the specific privacy setting options offered to respect different cultural norms, as will be necessary to enable MSeqDR to become a truly global repository and resource for patient-determined genomic data utilization throughout the international mitochondrial disease community.
Data security and access
The MSeqDR Consortium considers data security and privacy protections as critical elements in the design and utilization of MSeqDR. A data access and use oversight committee with membership comprised of mitochondrial disease physicians, researchers, bioinformaticians, diagnostic lab directors, advocacy group, and patient representation will collectively determine data utilization and download access rights. Respecting the unique perspectives of different countries, membership will be sought for at least one member of each participating nation in MSeqDR. The MSeqDR portal itself is currently hosted from a secure server at Massachusetts Eye and Ear Infirmary (MEEI) at Harvard University, whereas GEM.app is hosted in a cloud computing environment. Future focus will consider moving all MSeqDR data and computation to a cloud environment to balance cost and security concerns as they are likely to evolve over time.
Getting started
MSeqDR user needs will vary depending on multiple factors: [a] type of analysis, [b] genomic region of interest, [c] level of bioinformatics needs, and [d] security concerns and comfort levels. As to the type of analysis, variant data can be analyzed at individual, family, and/or cohort levels. The region of interest can be a gene, other specific locus, or large regions across the mitochondrial or nuclear genomes. The level of bioinformatics needs varies greatly among users, where some might have variants of interest they previously detected using other tools that they desire to interpret in the context of MSeqDR GBrowse or LSDB annotations, while others have raw sequence data that they would like to analyze from scratch. Lastly, whereas sharing aggregate variant data of all output across many individuals from a given laboratory's gene, panel, or exome test will benefit the delineation of allele frequencies in the broader community and is generally associated with less security concern, sharing individual-level variant data without patient informed consent would not be permissible. MSeqDR endeavors to address these varied needs by providing users with a variety of different data input and sharing mechanisms.
A Web-based general tutorial demonstrating how to get started and navigate through the main features of MSeqDR is available at https:// mseqdr.org/tutorial.php. All MSeqDR users should register for a login ID and password at https://mseqdr.org. Logging in enables users to deposit data, share settings and searches, participate in a user-based blog to comment on variant data, and access all data available throughout the resource. For users who are interested in depositing and analyzing individual-, family-, or cohort-level variant data across the genome, they can upload their data to MSeqDR in either the standard VCF format if variant calls have been made, or in the raw-data FASTQ format. The MSeqDR Consortium supports the use of VCF format for mtDNA data regardless of originating sequencing methodology, with a generic template of this suggested format provided as Table 2 . Users should contact the MSeqDR administrator, Dr. Lishuang Shen at Lishuang_Shen@meei.harvard.edu, to create an FTP account for data transfer on the MSeqDR secure FTP server. The FTP server is currently hosted using ExpeDat on a server at the Massachusetts Eye and Ear Infirmary (MEEI), but may be migrated to cloud-based computing depending on future community needs. Deposited data will be made available for investigator-level nuclear or mtDNA genomic analysis through GEM.app (which uses a standard BWA-GATK variant calling and annotation pipeline), and also as individual custom annotation tracks on MSeqDR GBrowse (which annotates sequence files using the custom HBCR pipeline). If a user is interested in sharing aggregate variant data of a cohort across the genome or for a specific gene or region, such as the entire mtDNA or POLG gene, they should also contact the MSeqDR administrator or organizers to identify a data sharing method that is most convenient for the user; appropriate credits will be given in MSeqDR to all data providers, as well as contact 
Table 2
Generic VCF template for mtDNA. Variant Call Format (VCF v. 4.0) file template for mtDNA, as supported by MSeqDR Consortium consensus. Red boxes highlight recommendations of where to place certain features specific to mtDNA. Alleles may be placed in the GT field of the VCF file to display complex variants. The VCF file header should also specify the mtDNA reference genome used (i.e., either rCRS or RSRS). This format is recommended to upload mtDNA sequences generated by any sequencing methodology or analysis tool. To best inform future analyses that may use data generated by different platforms and methodologies, the MSeqDR Consortium recommends, but does not require, submission of calls at all nucleotide positions in the mtDNA rather than only variant calls.
information for MSeqDR users to facilitate potential collaborations. If a user is interested in simply visualizing and interpreting variant data for a specific region or across the genome, they can directly upload their data as custom track(s) through the MSeqDR GBrowse website using any of several commonly used formats including BED, GFF, GFF3, WIG, and BAM. Such custom tracks are only accessible to the specific user, or those whom the user specifically invites to share, and can be removed anytime per user discretion.
Conclusions
The MSeqDR Consortium is an international mitochondrial disease community collaborative effort to create a unified genomic data resource that facilitates accurate diagnosis and enables improved understanding of individual mitochondrial diseases. MSeqDR at https://mseqdr.org offers a centralized entry portal for clinicians, diagnostic labs, and researchers, enabling genomic data sharing and analyses in suspected mitochondrial disease. MSeqDR provides a flexible, updated suite of Web-based and open access software tools accessible from a user's office or clinic personal computer to securely and in real-time interrogate all genetic variant data or entire exome datasets. This approach exploits collective information of variant allele frequencies in the general public as well as in a large cohort of individuals with suspected mitochondrial disease. The MSeqDR Consortium believes that providing common data resources and tools to the mitochondrial biology and disease community will accelerate the pace and accuracy of diagnosing pathogenic mutations in both known and novel genes underlying mitochondrial diseases. MSeqDR also enables genomic data deposition for community archiving, sharing of aggregate level data to individual investigator or institutional comfort levels, and supports individual patient-determined autonomy in selecting their own privacy settings for genomic data sharing and analysis by their clinical caregivers, enrolled research studies, or larger MSeqDR community. Future work will focus on enabling linkage of relevant phenotype and laboratory data to genomic data at various analytic levels, from individuals to specific phenotypes or larger mitochondrial disease cohorts.
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